INTRODUCTION
When a deep cavity is prepared for restoration by metal inlays, amalgam, glass ionomer cements or composite resins, paste-paste type pulp capping cements are widely used for protecting pulp from stimuli, especially because metal restorations immediately conduct thermal stimuli to the pulp. It is, therefore, necessary to examine the thermal properties of such pulp capping cements for protecting the pulp.
Previous studies of thermal coefficients had measured these values by using steady-state transport conditions methods; they performed essentially theoretical analyses.
In most of these examinations, specimens were heated for long time, and thermocouples with a large joint were used or large quantities of specimens were required to measure thermal changes. In addition, measurements of both the densities and thermal coefficients were not carried out in the same specimens. These systems themselves had many inherent factors of error even before attempting to measure thermal coefficients1-9). Non-steady state methods were tried as well10), but the problems which were encountered included 1) some specimens were suitable only for measuring densities and others only for measuring thermal coefficients, but evaluation of the physical property peculiar to materials required the determination of both density and thermal coefficients using the same specimen, and 2) a heated plate or a large-sized heating device was used for heating the specimens, therefore the method was not precisely a non-steady state one.
In this study, we examined the thermal coefficients of cements and dentin and also where K (W• m-1• K-1) is thermal conductivity.
RESULTS
The density and three thermal coefficients are presented in Tables 1 and 2 and Figs. 1-3 . Density The densities of dentin, LF and NU showed almost the same values. The density of this dentin-LF-NU group were between 1.873g• cm-3 and 1.899g• cm-3. CA showed the highest density, 2.054g• cm-3, while DY at 1.907g• cm-3 was between that of the dentin-LF-NU group and CA. Specific thermal capacity CA and DY had nearly the same values of between 1.762J• g-1• K-1 and 1.793J• g-1 K-1, and CA and DY showed the highest specific thermal capacity. Dentin and NU showed almost the same values of between 1.283J• g-1• K-1 and 1.228J• g-1• K-1, which was the lowest specific thermal capacity. LF at 1.448J• g-1• K-1 was between the dentin-NU and the M 
DISCUSSION
Thermal diffusivity and thermal conductivity are especially important coefficients for the protection of pulp from thermal stimuli. Thermal diffusivity shows the time of the temperature change between one side of a specimen and the other side. Low thermal diffusivity means that it takes a long time to change the temperature of a specimen. Thermal conductivity shows how many joules will penetrate through a specimen. When the specimen has low thermal conductivity, little energy will penetrate through it.
Thermal diffusivity of all the cements was lower than that of dentin. Thermal conductivity of all the cements was almost the same or lower than that of dentin. Thermal coefficients were dependent upon the ingredients. According to the manufacturers, the ratios of the main ingredients are as follows: LF contains calcium hydroxide (=50%), aromatic sulfonamide (= 30%), zinc oxide (=15%) and others (=5%) in a base paste, and barium sulfate (=40%), methyl salicylate polymer and monomer (=50%) and others (=10%) in a catalyst paste. CA contains zinc oxide (=85%) and others (=15%) in a base paste, and eugenol (=30%), hydrocarbon resin (=60%) and others (=10%) in an accelerator paste. DY contains calcium phosphate and calcium salts (=50%), methyl salicylate acid and others (=50%) in a base paste, and calcium hydroxide (=50%) and others (=50%) in a catalyst paste. NU contains hydroxide but there was no mention of its main ingredients by the distributor in Japan.
Because the thermal conductivities of organic materials are generally lower than those of inorganic materials14), the thermal conductivities of the ingredients such as eugenol, hydrocarbon resin, aromatic sulfonamide, methyl salicylate polymer and monomer are lower than those of calcium oxide, calcium phosphate, zinc oxide and barium sulfate. Therefore, thermal conductivities of all the paste-paste type of cements were almost the same or lower than that of dentin.
When a pulp capping cement was applied in a prepared cavity, the thickness of the cement was converted into the thickness of dentin using the thus obtained thermal diffusivity. The 1-mm thicknesses of the examined cements approximated the range between 1.38mm and 3.00mm in thickness of lost dentin in terms of thermal diffusivity. All the cements provided better protection from the diffusing temperature than that of dentin. The thermal conductivity of LF, CA and NU were lower than that of dentin, but that of DY was almost the same. When each cement was heated, the penetrating energy was almost the same or lower than that of dentin. The thermal conductivity of CA was dependent upon the low value of its thermal capacity and thermal diffusivity. In CA, its density and thermal capacity were slightly higher than that of dentin; however, the thermal diffusivity of CA was the lowest of all. Therefore, thermal conductivity was kept low, being mainly affected by having the lowest thermal diffusivity.
The main reason for this was that the accelerator paste had about 90% eugenol and hydrocarbon resin which are low in thermal diffusivity. LF had about 65% calcium hydroxide and zinc oxide in its base paste, and about 40% barium sulfate in its catalyst paste. Because of these ingredients, the thermal conductivity value was between that of dentin and that of CA. DY had about 50% calcium phosphate in its base paste and about 50% calcium oxide in its catalyst paste. LF and DY were mainly affected by the same thermal conductivity as dentin. The density of NU was almost the same as that of the others, its specific thermal capacity was the lowest of all and its thermal diffusivity was lower. Therefore, thermal conductivity of NU was lowest of all, having low specific thermal capacity and thermal diffusivity, because it was presumed that its main ingredients were calcium hydroxide and eugenol. The thickness of cements was converted into that of dentin using the obtained thermal conductivity. The 1-mm thicknesses of the examined cements were equal to the 0.97mm-2.10mm thicknesses of lost dentin in terms of thermal conductivity.
DY showed almost the same converted thickness as dentin, while the other three cements were thicker than dentin. All the cements had better or nearly the same protection from penetrating heat energy.
CONCLUSION
Thermal coefficients of dentin and four commercially available paste-paste type pulp capping cements were examined by a non-steady state method. All the cements had lower or nearly the same values of thermal diffusivity and thermal conductivity as those of dentin. It was concluded that the application of a pulp capping cement provided better pulp protection from thermal stimuli than did the same thickness of dentin.
